). This minireview briefly considers PET and fMRI Charlestown, Massachusetts 02129 evidence regarding the role of prefrontal cortex in epiDepartment of Psychology sodic memory and highlights the parallels between Harvard University these results and those from studies of working memory. Cambridge, Massachusetts 02138
. Within the context of incidental encoding, posterior LIPC actitic processing and greater processing of the speech sounds associated with a stimulus (phonological provation during semantic processing tasks may reflect the phonological processing demands inherent in these cessing). Current findings suggest that anterior LIPC may mediate semantic working memory processes such tasks. Such demands may include the need to access and temporarily maintain the phonological codes of the as the retrieval, selection, maintenance, or evaluation of semantic knowledge that is represented elsewhere target stimulus and of the retrieved semantic knowledge. Although these processes are likely engaged for in cortex (Demb et al., 1995; Thompson-Schill et al., 1997). Retrieval involves the arrangement of search cues a shorter duration during semantic processing tasks compared to typical phonological working memory and the querying of long-term semantic stores for representations matching those cues. Selection involves the tasks (and compared to intentional encoding conditions), this difference may be quantitative (i.e., a differresolution of competition between retrieved representations. Maintenance involves the rehearsal or refreshing ence in duty cycle) rather than qualitative. Importantly, LIPC activation is not restricted to epiof representations. Evaluation involves synthesis of the retrieved information and use of this information to desodic encoding and working memory tasks. Rather, tasks requiring episodic retrieval of verbal-semantic termine the proper response. These processes may be involved in task performance, while simultaneously servstimuli also elicit LIPC activation. For example, posterior LIPC activation has been noted during word-stem cued ing to organize semantic aspects of the event in consciousness. These event attributes may be input to merecall, where subjects are asked to complete word stems with words that were previously studied (Buckner, dial temporal structures that are thought to bind together event characteristics into an episodic memory 1996). Similarly, comparison of yes-no recognition for words to that for nonverbalizable abstract visual patterns trace (Wagner et al., 1998c) . During the intentional learning of verbalizable stimuli, anterior LIPC activation may yields anterior and posterior LIPC activation (Wagner et al., 1998b). These results suggest that the same semanreflect the volitional adoption of an encoding strategy that includes semantic elaboration (Kapur et al., 1996) . tic and phonological working memory processes contribute to both the learning and the remembering of Posterior LIPC, in contrast, may mediate phonological working memory processes such as the retrieval, mainverbal-semantic stimuli. Visuospatial Material. Although the vast majority of tenance, or evaluation of lexical and phonological aspects of stimuli (Buckner, 1996). Posterior LIPC is active encoding and retrieval studies have examined episodic memory for verbal-semantic material, a number of studAsymmetry framework that posits that left prefrontal cortex is differentially involved in encoding, whereas ies have examined memory for stimuli with complex visual and spatial characteristics. In some studies, the right prefrontal cortex is differentially involved in retrieval (Nyberg et al., 1996). The present minireview sugstimuli were pictorial representations of objects that also could be verbally and semantically coded, such as drawgests that distinct regions of LIPC and RIPC are involved during both episodic learning and remembering (Buckings of common everyday objects. In other studies, the stimuli lacked semantic content and were difficult to ner, 1996). Inferior prefrontal activation associated with episodic memory appears to lateralize based on the verbally code, such as abstract visual patterns and faces. Importantly, the laterality of inferior prefrontal acnature of the stimuli being processed (semantic, phonological, visuospatial) rather than the nature of the mnetivation during episodic encoding and retrieval differs for visuospatial and verbal-semantic stimuli. monic operations being performed (encoding or retrieval). It should be noted, however, that there also A number of lines of evidence suggest that right inferior prefrontal cortices (RIPC; Although LIPC and RIPC contributions to episodic memory appear to reflect material-specific working memory possibly reflecting phonological working memory processes that mediate the retrieval and maintenance of operations, other prefrontal regions appear to contribute to episodic memory irrespective of the nature of the the phonological code (i.e., the name) for the object. Importantly, object learning also results in activation of material being processed. Activation has been consistently demonstrated in right dorsolateral prefrontal cora homologous region in posterior RIPC, a region that is not typically associated with the learning of verbaltex (RDLPC) and right anterior prefrontal cortex (RAPC) during episodic retrieval (Table 1; A recent review of the working memory neuroimaging 1998). Importantly, the semantic condition in this study also required the simultaneous counting or estimation literature suggests that, as in episodic memory studies, inferior prefrontal activation tends to lateralize based on of the number of trials in which a stimulus fit within a target category, which necessitates continuous calculathe nature of the material being held in working memory. As discussed above, posterior LIPC is more active durtion, maintenance, and updating of information about the number or proportion of target trials. These latter ing verbal working memory conditions, whereas RIPC is more active during visuospatial working memory conprocesses may place additional demands on working memory control functions ( Maintenance of the test probe may be necessary ory. As discussed above, these inferior prefrontal regions may be material specific. Dorsolateral regions, in to carry out retrieval search, and maintenance of the products of retrieval may be necessary in order to make contrast, are posited to subserve the monitoring and manipulation of the representations in working memory. a memory decision.
One characterization of prefrontal contributions to epThese processes, which appear to be engaged regardless of the nature of the material being processed, may isodic memory is the Hemispheric Encoding/Retrieval
